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(54) Producing composite metal 
articles 

(57) In producing a composite steel 
material, cylindrical steel elements (1) 
are first coated with nickel, 
manganese, copper or a combination 
thereof and then packed in a mild 
steel can (2) to produce a non- 
random arrangement of the elements 
(1) in the can (2) and wherein the 
packed can (2) is extruded to form a 
composite dual microphase billet in 
which fibres of martensite in the 
billet are completely surrounded by 
austenite. Flat plates can be used 
instead of cylindrical elements and 
the elements can be stacked 
alternately in mutually perpendicular 
arrays. Other metals used are 
niomonics titanium or maraging steel. 
The billet can be used for jet engine 
turbine blades, armour, helicopter 
rotor blades, car suspension stress 
parts or sword blades. 
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SPECIFICATION 

Improvements in or relating to composite 
metal materials and uses thereof 

5 

This invention concerns improvements in or 
relating to composite metal materials and uses 
thereof. In particular, this invention relates to 
high strength steels and uses thereof. 
10 The uses of ultra-high strength steels are 
limited by their high susceptibility to stress 
corrosion cracking. Although progress has 
been made in increasing the fracture tough- 
ness of such steels, corresponding improve- 
15 ments in the threshold stress intensity factor 
of such steels have not be achieved. 

It has now been proposed to develop steel 
having dual-phase microstructures in which the 
separate constituents are responsible for dif- 
20 ferent properties of the steel. In particular, it 
has been proposed to produce a steel having 
islands of tempered martensite phase, which 
imparts the necessary strength properties, 
around which is a continuous network of sta- 
25 b!e austenite. The austenite acts as a mechan- 
ical crack arrestor and produces a steel with 
superior stress corrosion performance by re- 
ducing the effective stress intensity and hy- 
drogen concentration at crack tips. 
30 In a known method, the dual-phase micros- 
tructure steel is formed by coating high 
strength steel particles with a layer of nickel. 
The particles employed are in the form of 
steel powder or bright drawn wire of 0.2 to 
35 0.6mm in diameter chopped into 1mm length 
sections. The coated steel particles are 
washed and dried, packed into 75mm dia- 
meter mild steel cans, evacuated and finally 
sealed. The cans are then heat treated to ap- 
40 proximately 1000°C and extruded to produce 
2.5mm by 12.5mm rectangular section bars. 
This treatment results is a dual-phase micros- 
tructure in which a continuous layer of austen- 
ite surrounds each fibre of medium carbon 
45 martensite. The extruded material is heat- 
treated to cause austenization and is then oil- 
quenched. The quenched material is cooled to 
-196°C to ensure the transformation of any 
metastabie austenite and is finally tempered. 
50 In the above-described method, the nickel 
plated steel particles are, of course, packed 
into the cans in an essentially random manner 
prior to heating and extrusion and therefore 
the process results in a final rod of dual-phase 
55 microstructure steel in which the steel par- 
ticles are stretched out to form fibres of mar- 
tensite, surrounded by austenite, which extend 
only a small distance along the final rod. 
Moreover, the above-described method has 
60 the particular disadvantage that, if the dia- 
meter of the mild steel can is increased, the 
eventual size of the martensite fibres becomes 
so small that the resulting material loses 
some, if not all, of its desired properties. 
65 The above described method also produces 



only small quantities of steel and would not 
be suitable for large-scale production of steel. 
Moreover, the above-described method also 
requires the high strength steel to be reduced 
70 down to a very small wire diameter, which 
proves is difficult and expensive. 

It is an object of the present invention to 
overcome or at least mitigate the disadvan- 
tages of the previously proposed method dis- 
75 cussed above. 

According to a first aspect of the present 
invention, there is provided a method of pro- 
ducing a composite metal material, comprising 
coating a plurality of elements of a first metal 
80 or metal composition with a second metal or 
metal composition and packing the coated ele- 
ments into a metal or metal composition con- 
tainer to produce a non-random arrangement 
of the elements in the container to form a 
85 composite metal billet. 

Usually the composite metal billet is ex- 
truded to form a reduced section billet. Prefer- 
ably, the packed container is fitted with end 
caps, evacuated and sealed prior to extrusion. 
90 In one arrangement the elements each have an 
axis and are packed into the container so that 
the axis of the elements are parallel. Alterna- 
tively, when each element has an axis the ele- 
ments may be packed in the container so that 
95 the axes of at least some of the elements 
extend in a first direction and the axes of at 
least some of the elements extend in a sec- 
ond direction different from the first direction. 
The second direction may be perpendicular to 
100 the first first direction. 

Usually the container is cylindrical and the 
elements may also be cylindrical. Preferably, 
the elements and/or the container are/is of 
square, rectangular circular or hexagonal cross- 
105 section. Alternatively, the elements may be in 
the form of sheets of the first metal or metal 
composition and the container may then be of 
square or rectangular cross-section. 
The first metal or metal composition may 
110 comprise hardenable steel, niomonics, marag- 
ing steel or titanium, while the elements may 
be coated with nickel, copper or manganese 
or any combination thereof. Normally, the ele- 
ments are coated by plating or by wrapping 
115 the elements in a foil formed of the second 
metal or metal composition. 

The present invention also provides, in a 
second aspect, a billet whenever produced by 
a method in accordance with the first aspect 
120 and a product whenever producted from such 
a billet. 

In a third aspect, the present invention pro- 
vides a method of producing a sword blade 
using a method in accordance with the first 

125 aspect, comprising inserting a guide member 
into the elements packed in the container be- 
fore extruding the container and using the re- 
duced section billet formed by the extrusion 
to forge the blade so that the guide member 

130 provides a path for signals passing from one 
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end of the finished blade to he other end 
thereof. Generally, the guide member com- 
prises a ceramic element, an insulated electri- 
cally conductive element or a light guide. 
5 The invention also provides a sword blade 
whenever produced using a method in accor- 
dance with the first or third aspect or using a 
billet in accordance with the second aspect 
and a sword whenever incorporating such a 
10 blade. 

For a better understanding of the present 
invention, and to show how the same may be 
put into effect, reference will now be made, 
by way of example, to the accompanying 
15 drawing, in which: 

Figure 1 illustrates one arrangement for 
packing coated metal elements in a can for 
use in a method embodying the invention; 
Figure 2 illustrates one arrangement in ac- 
20 cordance with the invention for forming a hard 
steel billet from metal sheet; 

Figure 3 illustrates an alterative arrangement 
for packing coated metal elements in a can for 
use in a method embodying the invention. 
25 Referring now to Fig. 1, a plurality of cylin- 
drical elements of hardenable metal or metal 
alloy, for example EN 47 steel, are coated 
with approximately 5% by volume of nickel by 
either plating the elements or wrapping them 
30 in a nickel foil. The coated elements 1 are 
then stacked in an ordered, non-random ar- 
rangement in a thin wall metal container or 
can 2 which, for example, may be made of 
mild steel, so as to extend parallel one to 
35 another as shown in Fig. 1 . The elements 1 
are conveniently of 6mm square cross-section 
and are of the same length as the can, for 
example, 200mm. The elements, can of 
course, be of any other cross-sectional shape 
40 for example such as square or hexagonal. The 
can may be approximately 100kmm to 300 
mm in diameter. 

After the coated elements 1 have been 
packed into the can 2, the open end of the 
45 can is selaed with an end cap and the can 2 
is evacuated to prevent oxidation occuring on 
the surface of the rods during the following 
processes and then sealed. The resulting billet 
is reduced in size to the cross-sectional di- 
50 mensions of an original element, for example 
6mm by 6mm, or to any other suitable dimen- 
sions depending upon the intended use of the 
finished rod. This reduction of the billet may 
be performed by hot forging extrusion, rolling, 
55 drawing or any other suitable technique or any 
combination of suitable techniques. 

In one preferred embodiment of the inven- 
tion, the can 2 is cylindrical and of circular 
cross-section, being approximately 150mm in 
60 diameter. When fully packed the can contains 
1600 elements 1 of 3mm square cross-sec- 
tion. The can 1 is then extruded to 48 mm 
diameter, rolled .down to 10mm diameter and 
drawn to form a square 6mmX6mmrod. The 
65 drawn rod may be quenched and tempered in 



the usual way. 

The size of the starting elements 1 will, of 
course, be dictated by the required cross-sec- 
tion of the fibres (martensite fibres where the 
70 elements are made of hard steel) in each fin- 
ished rod of hardenable material. This can be 
calculated by considering the finished size of 
the component and the starting size of the 
can. Thus, if the diameter of the can 2 is 
75 increased to 300mm, the cross-section of the 
elements could be increased to 6mmX6mm. 

The nickel covering applied to the elements 
forms a tough austenite phase in the steel 
which reduces the effective stress intensity 
80 and hydrogen concentration at the top of any 
crack trying to propogate through the material. 
It is envisaged that coatings of materials other 
than nickel could be used to provide the same 
effect, for example, manganese or copper may 
85 be used or any combination of these ma- 
terials, such as a nickel and manganese com- 
bination. 

Although, in the arrangement described 
above, the elements are all packed in the can 

90 2 so as to be substantially parallel to the lon- 
gidutinal axis of the can, the elements may be 
arranged in more than one direction, as shown 
in Fig. 3, for example, so as to give crack 
protection in a longitudinal direction or desired 

95 combination of directions. In fact any non-ran- 
dom arrangement of the elements could be 
used. 

Moreover, the elements 1 may be replaced 
by metal sheets 3 (Fig. 2), for example hard 
100 steel sheets, which are either plated with 

nickel or interleaved with nickel foil. In such a 
case, the metal sheets coated with nickel or 
interleaved with nickel foil 5 are stacked in a 
square can 4 which is the evacuated and 

105 sealed as described above. In such an ar- 
rangement, it would be convenient to reduce 
the billet by rolling, although, of course, any 
of the methods described above which are 
suitable could be used. 

110 A hardenable metal rod produced by the 
above described method is particularly suited 
to use in sword blades, for example, fencing 
blades or other components which may be 
subjected to sudden stresses. 

1 15 Thus, the steel is almost identical to normal 
steel in weight and so, to a fencer, a blade 
made from the steel will feel like a conven- 
tional blade. Further, if a crack does develop 
fr ° m 3 surface def ect, for example from a nick 

120 caused by banging another blade, or from 
overstressing when the blade is again 
stressed, the crack has great difficulty in tra- 
velling through the blade. Further, it has been 
found on small test samples that the sudden 

125 application of stress to the material causes 
crack propagation but as the stress level 
drops, the crack is deflected parallel to the 
axis of the blade. Thus, although the blade is 
no longer usuable, it remains intact. Accord- 

130 ingly, the use of this material would help 
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avoid the accidents and deaths which have 
occured when a blade has been broken leav- 
ing an unprotected end of very small cross- 
sectional area. 

5 In particular, the above-described method 
lends itself to the production of fencing blades 
in which electric hit detection is provided. In 
such blades, it is at present necessary to form 
a slot approximately 0.7mm wide and 1mm 

10 deep along the length of the blade to receive 
an insulated metal wire to connect the point 
of the fencing blade to the guard or handle. 
With material embodying the present invention 
the need to form a slot in the finished blade 

15 could be obviated. In particular, a ceramic, 
glass or insulated copper rod could be in- 
serted in the centre of the can prior to extru- 
sion thereof, to afford an alternative means of 
transmitting a signal along the blade. Such a 

20 blade should be more simple to manufacture 
than conventional blades and should be safer 
to use. 

Further, insertion of an element or number 
of elements (or sheets) of a different material 
25 to the hardenable material, would not noti- 
ceably effect the bulk properties of the fin- 
ished hardenable material but would allow 
easy identification of the finished material un- 
der a microscope for quality and control pur- 
30 poses, particularly where more than one qual- 
ity of material is being produced. 

The finished material may also be suitable 
for use on the construction of jet engine tur- 
bine blades, especially for the outside fan 
35 blades of the engine. Other possible uses of 
the finished material would include protection 
against projectiles such as bullets, and any 
component where it is desirable to avoid cata- 
strophic failure, such as helicopter rotor blades 
40 or the stress parts in a car suspension sys- 
tem, or any components subject to a corro- 
sive environment. 

The finished product is resistant to crack 
propagation due to stress and corrosive envi- 
45 ronments because, in case of a hard steel 
material produced by the above method, the 
austenite surrounding the martensite, because 
of its inherent toughness, reduces effective 
stress at the advancing crack tip and shields 
50 the crack tip from corrosive environments. 
The above described methods can be used 
to produce composite metal materials formed 
from hardenable metals or metal alloys other 
than steel, for example niomonics, maraging 
55 steel or titanium. Also, the nickel covering or 
plating may be replaced by, for example, a 
copper or a manganese coating or a coating 
formed from any combination of nickel, cop- 
per and manganese, for example a nickel-man- 
60 ganese alloy. 

CLAIMS 

1 . A method of producing a composite 
metal material, comprising coating a plurality 
65 of elements of a first metal or metal compo- 



sition with a second metal or metal compo- 
sition and packing the coated elements into a 
metal or metal composition container to pro- 
duce a non-random arrangement of the ele- 

70 ments in the container to form a composite 
metal billet. 

2. A method according Claim 1, further 
comprising extruding the composite metal bil- 
let to form a reduced cross section billet. 

75 3. A method according to Claim 2, wherein 
the packed container is evacuated and sealed 
prior to extrusion. 

4. A method according to claim 1, 2 or 3, 
wherein the elements each have an axis and 

80 are packed into the container so that the axes 
of the elements are parallel. 

5. A method according to Claim 4, wherein 
each element extends along substantially the 
entire length of an axis of the container when 

85 the elements are packed in the container. 

6. A method according to claim 1, 2 or 3, 
wherein each element has an axis and the ele- 
ments are packed in the container so that the 
axes of at least some of the elements extend 

90 in a first direction and the axes of at least 
some of the elements extend in a second di- 
rection different from the first direction. 

7. A method according to Claim 6, wherein 
the first and second directions are perpendicu- 

95 lar. 

8. A method according to any preceding 
claim wherein the container is cylindrical. 

9. A method according to any preceding 
claim wherein the elements are cylindrical. 

100 10. A method according to claim 8 or 9, 
wherein the elements and/or the container ar- 
e/is of square, rectangular circular or hexago- 
nal cross-section. 

11. A method according to any one of 
105 claims 1 to 8, wherein the elements are in the 

form of sheets of the first metal or metal 
composition. 

12. A method according to claim 11 when 
dependent on Claim 8, wherein the container 

1 10 is of square or rectangular cross-section. 

13. A method according to any preceding 
claim, wherein the first metal or metal compo- 
sition comprises steel, niomonics, maraging 
steel or titanium. 

115 14. A method according to any preceding 
claim, wherein the elements are coated by 
plating or by wrapping the elements in a foil 
formed of the second metal or metal compo- 
sition. 

120 15. A method according to any preceding 
claim, wherein the elements are coated with 
nickel, copper or manganese or any combina- 
tion thereof. 

16. A method of producing a composite 
125 metal material substantially as hereinbefore de- 
scribed with reference to Fig. 1, 2 or 3 of the 
accompanying drawing. 

17. A billet whenever produced by a 
method in accordance with any one of the 

130 preceding claims. 
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18. A product whenever produced from a 
billet in accordance with Claim 17. 

19. A method of producing a sword blade 
using a method in accordance with Claim 2 or 

5 anyone of claims 3 to 16 when dependent on 
Claim 2, comprising inserting a guide member 
into the elements packed in the container be- 
fore extruding the container and using the re- 
duced section billet formed by the extrusion 
10 to forge the blade, so that the guide member 
provides a path for signals passing from one 
end of the finished blade to the other end 
thereof. 

20. A method according to Claim 19, 

15 where the guide member comprises a ceramic 
element, an insulated electrically conductive 
element or a light guide. 

21. A sword blade whenever produced us- 
ing a method in accordance with any one of 

20 claims 1 to 16, 19 or 20 or using a billet in 
accordance with Claim 17. 

22. A sword whenever incorporating a 
blade in accordance with Claim 21. 

23. Any novel feature or combination of 
25 features described herein. 
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